Conceptual models accounting for the influence of source:sink ratio on water relations of trees are theoretically relevant from a physiological perspective and practically important for irrigation scheduling. Midday stem water potential of horticultural trees often declines with increasing crop load but the actual response depends on environmental, management and plant factors. Here we advance a quantitative synthesis of the response of stem water potential to crop load from the perspective of phenotypic plasticity, defined as 'the amount by which the expression of individual characteristics of a genotype are changed by different environments'. Data sets of stem water potential for contrasting crop loads were compiled for apple (Malus domestica L. Borkh.), olive (Olea europea L.), peach (Prunus persica L.), pear (Pyrus communis L.) and plum (Prunus domestica L.). Phenotypic plasticity of stem water potential was calculated as the slope of the linear regression between stem water potential for each crop load and the environmental mean of stem water potential across crop loads. Regression lines for trees with different crop load diverged with decreasing environmental mean stem water potential. For the pooled data, plasticity of stem water potential was a linear function of relative crop load. This represents a significant shift in perspective: the effect of crop load on the trait per se (stem water potential) is environmentally contingent, but the effect of crop load on the plasticity of the trait is not. We conclude that research on the effects of crop load on tree water relations would return more robust results if plant traits are considered from the dual perspective of the trait per se and its plasticity.
Introduction
With a given amount of reproductive resources, plants can produce many small fruits or fewer larger fruits (Sadras and Denison 2009) . From a horticultural perspective, fruit removal often seeks to shift this trade-off in favour of fewer, larger fruits of greater quality and market value. From a physiological perspective, increased source:sink ratio associated with fruit thinning or alternate bearing may affect plant water relations (Berman and DeJong 1997 , Naor et al. 1997 , Naor 2001 , Reyes et al. 2006 , Conejero et al. 2010 , Intrigliolo and Castel 2010 , Naschitz et al. 2010 . A practical corollary is that the influence of source:sink ratio on tree water relations could be a source of instability in plant-based indices for irrigation.
The effects of crop load on stem water potential, the focus of this paper, constrain the reliability of this trait for irrigation scheduling of horticultural trees. In general, stem water potential increases in response to reduced crop load; this response is mediated by reduced stomatal conductance and increased allocation of plant resources to roots (Gucci et al. 1991 . However, there are reports of increased, reduced and unchanged stem water potential in response to crop load (Berman and DeJong 1997 , Naor et al. 1997 , Naor 2001 , Reyes et al. 2006 , Conejero et al. 2010 , Intrigliolo and Castel 2010 , Naschitz et al. 2010 . The actual response depends on environmental, management and crop factors, as illustrated in the study of Intrigliolo and Castel (2010) found a significant effect of crop load on the water status of plum trees in only one out of three seasons. In all these studies, analysis of variance was normally used to test for the effect of crop load on stem water potential, and no attempt has been made to synthesize the effects of crop load on stem water potential.
In this study, we advance a quantitative synthesis of the response of stem water potential to crop load from the perspective of phenotypic plasticity, which is 'the amount by which the expression of individual characteristics of a genotype are changed by different environments' (Bradshaw 1965) or in a shorter definition 'environmentally contingent trait expression' (DeWitt and Scheiner 2004) . Quantitatively, phenotypic plasticity is the slope of norms of reaction (Woltereck 1909, DeWitt and Scheiner 2004) , which are in turn mathematical functions relating phenotypic traits (e.g., number of leaves, plant height, leaf elongation rate) and key environmental variables (e.g., water supply, availability of soil nutrients, radiation) (Dudley 2004) . This perspective has been widely used in ecology and evolutionary biology and is attracting increasing interest in studies of crop adaptation (Lacaze et al. 2009 , Varin et al. 2009 , Nicotra and Davidson 2010 , Zhu et al. 2010 .
Using these concepts, Trentacoste et al. (2011) reported an inverse relationship between plasticity of midday stem water potential and source:sink ratio in olive trees. In this paper, we tested the generality of their findings; our working hypothesis is that, irrespective of crop species, environmental influences on the response of midday stem water potential to crop load can be partially removed by shifting the focus from the trait per se to the plasticity of the trait.
Method
Using 'stem water potential' + 'crop load' or 'fruit load' and variants of these terms, we searched the ISI Web of Knowledge SM and compiled a data set of midday stem water potential of horticultural trees in experiments where at least three crop loads were compared (Table 1) . Data from figures were digitalized using GetData Graph Digitizer (http://getdata-graph-digitizer. A regression slope significantly greater than 1 indicates above-average phenotypic plasticity, equal to 1 indicates average phenotypic plasticity and significantly lower than 1 indicates below-average phenotypic plasticity. Furthermore, we compared slopes calculated with model I (least squares) assuming a large error in y compared with x, and model II (reduced major axis) accounting for error in both x and y (Niklas 1994, Sadras and Egli 2008) .
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Results
Comparison of phenotypic plasticity calculated with model I and model II regression
Slopes calculated using model I or model II regression are related according to slope model II = slope model I/|r|, where r is the coefficient of correlation (Niklas 1994 ). Both methods Figure 1 . Relationships between midday stem water potential split by crop load and the environmental mean of midday stem water potential across crop loads for horticultural trees. Thin lines are fitted regressions, and the thick line is the reference line y = x. Numbers are crop loads (fruit/tree).
[1] to [9] identify the data sources in Table 1 , which also shows the slopes and standard errors of the fitted regressions. Plot [4] is adapted from Trentacoste et al. (2011). therefore yield equivalent information when associations are tight, i.e., r > 0.95 (Niklas 1994) . For the trees analysed, r was >0.95 in 28 out of 30 cases; the exceptions were r = 0.91 and r = 0.67 for two crop loads in experiment [5] (Table 1) . Thus, both methods returned very similar slopes in 93% of cases; on these grounds and considering that model I is the most commonly used, we analysed plasticities calculated with least squares regression. Figure 1 shows the norms of reaction of stem water potential for apple, olive, peach, pear and plum. Table 1 presents the slopes of the fitted models representing the plasticity of stem water potential as affected by crop load. Norms of reaction of trees with different crop load diverged with decreasing environmental mean stem water potential in all cases. For the pooled data, stem water potential was a linear function of crop load normalized to account for the large differences between species, treatments and growing conditions (Figure 2 ).
Plasticity of stem water potential in response to crop load
Discussion
Two main conclusions arise from conventional analyses of the effects of crop load on midday stem water potential, as summarized in Table 2 . First, there is a common but far from universal decrease in water potential with increased crop load. Second, the magnitude of the association between stem water potential and crop load could be influenced by environmental, management and plant factors. These environmental influences are not surprising, as stem water potential is very responsive to soil and climate drivers such as plant-available water and vapour pressure deficit (Kramer and Boyer 1995 , Fereres and Goldhamer 2003 , Ortuno et al. 2006 , Rosati et al. 2006 . Interand intra-specific variation in plant responses in the continuum between isohydric and anisohydric patterns adds further complexity to the environmental responses of stem water potential (Tardieu and Simonneau 1998, Schultz 2003) . In this paper, we tested the hypothesis that, irrespective of crop species, environmental influences on the response of stem water potential to crop load can be partially removed by shifting the focus from the trait per se to the plasticity of the trait.
In studies under controlled conditions or in field conditions where a major source of variation is identified or manipulated, robust models can be derived that relate traits and specific factors, as illustrated for norms of reaction relating the fitness of Impatiens capensis Meerb. and population density (Dudley 2004) . However, it is unrealistic to use this approach to capture the myriad environmental and management factors influencing the actual response of stem water potential to crop load in the field. Instead, we propose that norms of reaction where the environment is represented with the stem water potential averaged across crop loads provides a sensible synthesis; this approach has been used to characterize plasticity of yield of grain crops (Finlay and Wilkinson 1963, Eberhart and Russell Phenotypic plasticity of stem water potential 497 (Naschitz et al. 2010) '. . .there was a trend of decreasing stem water potential with increasing crop load in all the irrigation treatments, although it was significant only in the low irrigation treatment. . .' [3] (Naor et al. 1997) ' (Berman and DeJong 1997) '. . .the severity of water stress was dependent on crop load, whereas in the control treatment, water status was independent of load. . .' [8] (Marsal et al. 2010) for crops under deficit irrigation (20% of full irrigation) '. . . fruit thinning increased stem water potential. . . ' [9] (Naor 2004) '. . .stem water potential decreased with increasing fruit level in the lowest irrigation level. . .' Figure 2 . Relationship between plasticity of midday stem water potential (unitless) and relative crop load (1 = maximum load) for the pooled data.
1966), grain size and grain protein content of barley (Lacaze et al. 2009 ), phenological development of annual crops and grapevine (Calò et al. 1975 , Calò et al. 1998 ) and stem water potential in olive (Trentacoste et al. 2011) . This approach revealed a consistent norm of reaction with a characteristic divergence in stem water potential whereby more stressful conditions lead to a hierarchy of stem water potential for trees with contrasting crop loads (Figure 1, Table 1) . Furthermore, pooling all the data revealed a unique linear association between plasticity of stem water potential and crop load irrespective of species and growing conditions (Figure 2 ). This represents a significant shift in perspective: the effect of crop load on the trait per se, i.e., stem water potential, is highly contingent, but the effect of crop load on the plasticity of the trait is not. We conclude that research on the effects of crop load, and more broadly source:sink ratio, on plant water relations would remove a good deal of environmental contingency and return more robust results if plant traits are considered from the dual perspective of the trait per se and its plasticity. 
